A cell-based immunocytochemical assay for monitoring kinase signaling pathways and drug efficacy.
Protein kinases play important roles in many disease processes and are primary targets for drug development. Because cellular phosphorylation cascades are complex multidirectional pathways, the behavior of a drug in a biochemical enzyme assay may not accurately reflect its performance in the context of a whole cell. We have developed a near-infrared cytoblot assay that can be used to investigate both kinase signaling and effects of kinase inhibitors. Adherent cells were grown in either 96- or 384-well plates. Following stimulation, protein phosphorylation was detected immunohistochemically by simultaneous staining with two primary antibodies: a phospho-specific primary and normalization antibody that recognized either the target protein regardless of phosphorylation status (pan protein) or a housekeeping protein. Secondary antibodies labeled with two spectrally distinct near-infrared dyes were used for visualization. Nuclear staining with TO-PRO-3 was also used in place of the normalization antibody. Normalization for well-to-well variability was accomplished by ratiometric analysis of the two wavelengths. The near-infrared cytoblot was used to analyze phosphorylation of EGFR, Akt, Stat3, MEK 1, and ERK1/2. This assay format was also able to simultaneously assess the phosphorylation of multiple signaling proteins in response to known kinase inhibitors. We observed that the IC50 for the EGFR inhibitor PD168393 was similar for EGFR and Stat3 but was significantly higher for ERK1/2, a downstream modulator of EGFR function. The observation that the receptor and its effectors show different IC50 values for the same inhibitory drug could be important for target selection in drug development.